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Abstract: Geocoding of trauma in children as a modeling of city risk assessment areas (GIS based 
method). The article presents the results of statistical evaluation of fractures in children who were treated in 
2009 – 2010 in the Upper Silesian Child Health Center in Katowice, Department of Orthopedics and 
Traumatology  and it attempts  to calculate the risk of injury. The overall statistical analysis involved all 
types of fractures and injuries have been  divided due to their location pointing to the most common and the 
rarest ones and the difference in the amount of fractures in each gender.  In the section on the method of 
calculating the risk of injury in children owing to the ability to take many factors (age, sex) into account that 
affect the occurrence of fracture and the type of injury. This ratio allows to   accurately   calculate the 
percentage of those risks. Using a mathematical formula allows the calculation of risk for a number of 
administrative units and  an indication of the existence of such risks in a particular administrative unit. This 
allows for a spatial representation of the phenomenon through a system of geographic information systems 
(GIS). Moreover, in both cases, either spatial or just a statistical presentation of data, it is possible to 
observe dynamic changes in risks  over the years. 
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1.  Introduction 
Hospital admissions due to injury are very 
common among children and adolescents (1). 
Contrary to epidemiology indications, fractures 
in children are not as well researched and 
described as those in adults where other 
mechanisms leading to a bone damage are often 
responsible for this condition (2). Besides the 
mechanism itself, it is worth considering the 
possibility of designating a single index that 
would indicate the size of the fracture risk. To 
determine such an index one should take into 
account many factors, other than those in adults, 
whose age, lower bone density and 
comorbidities play a major role (3; 4). Non-
medical factors (mainly physical activity) 
predominate in children (5; 6). 
 
2. Methodology. 
The article has been divided into two parts. 
Overall part presenting  statistical evaluation of 
fractures in children and the part where a 
mathematical method for calculating the risk of 
injury in children has been presented. For 
statistical purposes, there have been used injury 
data of children recorded from Katowice area 
(aged 0-18 years old) who  were treated in the 
Upper Silesian Child Health Center (GCZD) in 
Katowice, Department of Orthopedics and 
Traumatology, in 2009-2010. Injuries in 
children were analyzed in five age groups which 
were selected after a preliminary analysis of the 
results of a number of fractures in the 
subsequent years of life. 
The following groups have been distinguished: 
- 0-1 year old- children who still do not walk 
alone and where the frequency and the 
mechanism of injury is the most different 
from that which can be found in other age 
groups. From this standpoint such children 
are least exposed to the possibility of 
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inadvertent injury. 
- 2-4 years old - children who are able to 
walk alone at preschool age staying under the 
care of adults. 
- 5-11 years old – active children, attending 
school mostly independently, actively 
participating in various sports competitions. 
- 12-16 years old - older children. 
- 17-18 years old - the oldest age group.  
All types of fractures have been included in the 
overall statistical analysis. The fractures have 
been divided due to their location pointing to 
the most common and the rarest ones and to the 
difference in the amount of fractures in each 
gender. The second part of the article presents a 
mathematical method to determine the risk of 
injury (fracture) on the example of children. In 
addition to calculating the risk of injury, one can 
indicate which risk of injury is higher -  to the 
right or left side. It is also possible to point to 
body parts which are likely to suffer accidents. 
Using a mathematical formula allows the 
calculation of risk for a particular month of the 
year   and being able to dispose of data for a 
number of administrative units, one can indicate 
the existence of such risks in a particular 
administrative unit. This allows for spatial 
representation of the phenomenon through a 
system of geographic information systems 
(GIS). Moreover, in both cases, a spatial one or 
just a statistical presentation of data, it is 
possible to observe dynamic changes in risk 
over the years. To calculate the risk of injury the 
following formula has been used: 
((% W X nu) + (% P x nuP)) / 100% 
% W – percentage of  the population at a given 
age in the studied year  
nu - number of injuries (a specific type of 
trauma that we want to take into account) 
registered in the age group in the studied year %  
P - percentage of evaluated gender which 
constitutes a given population 
nuP - the number of injuries (a specific type of 
trauma that we want to take into account) 
registered in the age group in the studied year 
with a particular gender. 
 
Table 1. Individual groups of injuries in the total number of injury registered at the general 
population and at the specific gender. 
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3. Results 
 
3.1 Statistical analysis  
Statistical analysis of individual fracture 
placement indicates that the most common 
injuries are those of  shoulder, arm, elbow and 
forearm. The rarest injuries are ankle and foot 
injuries. Injuries are more common among boys 
rather than among  girls with the exception of 
chest trauma and the abdomen, the lower back, 
lumbar spine and pelvis (Table 1). 
Children in the subsequent years of life are 
more likely to suffer from injuries and this 
tendency is constant - the older a child, the 
higher traumatism. This principle applies to a 
certain age, in our case until  14 years old. After 
that age the number of fractures becomes 
increasingly smaller (Fig. 1). The average age of 
children who were hospitalized in the 
Department of Orthopedics and Traumatology is 
11 years  ± 3.88 (mean ± standard deviation). 
 
 
Figure 1. The number of recorded  fractures in each age. 
 
It is noted that the highest number of 
injuries is in the group of 12-16 year-olds. and 
5-11 year-olds,  45% and 38% respectively. The 
majority of boys suffer from injuries two times 
more often than double the girls. As for the 
location of injuries is concerned, young children 
have more cervical spine injuries whereas in the 
group of 2-4 year-olds   hip and thigh injuries 
dominate. Older children suffer from shoulder 
and forearm fractures. In the oldest groups knee 
and lower leg injuries predominate (Table 2). 
 
Table 2.  Location of the most common injuries between age groups. 
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The number of injuries in each month is 
also highlighted in the statistics and the highest 
number was observed from April to June. 
Spatial distribution points at frequent injuries in 
children from central, northern and western 
districts of Katowice. 
 
3.2 Analysis of risk of injury in children. 
 
The suggested formula is intended to 
designate the mathematical method of risk and 
the possibility of injury in the given population. 
The formula uses demographic and statistical 
data. The percentage of the population such as 
3-year-olds or a bigger age group in a given 
year is multiplied by the number of injuries in 
the age group then, to this, multiplied 
percentage of, for example, boys in a given year 
is added which is multiplied by the number of 
injuries in boys in a given year and in a given 
age group. Next it is divided by 100 in order to 
show the percentage of risk. The coefficient 
ranges from 1-100, where 1 stands for very little 
risk of injury and 100 for very big one. 
 Example: 
For the population of boys: the population 
of children aged 2-4 years old in 2009 in 
Katowice equals 3 805 (ie 51% population) 
people, the number of injuries in this age group 
in the same year is 8, and the amount of injuries 
to particular gender (boys) is 2 (25% injuries) 
so:  
((% W x nu) + (% P x nuP)) / 100% 
((51% x8) + (25% x2)) / 100) = 1.02%  
The calculations have been applied to all 
injuries. However, there is a possibility to 
calculate such an index for each location of the 
fracture. In our case, the determinant of the risk 
which has been applied is gender, but such a 
factor can be generated by time of year, age, 
  the mechanism which determines why the 
injury occurred, for example sports injury, fight 
injury, road accident injury, type of fracture 
(location) or another factor which be a 
quantifiable and that can relate to the test group.  
 
Table 3. The risk of injury to children in different age groups. 
 
 
The formula has been used to calculate the percentage of the overall capabilities of fracture 
occurrence in children in different age groups. The calculations prove that the higher a child's age, 
the higher the risk of a fracture. Higher risk occurs among boys which is merely a confirmation of 
the number of actually ported injuries (Table 4). Table 5 sets the risk of injury for the overall 
population and for specific gender where the location of injury and age group are taken into 
account. 
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Table 4. The risk of injury of specific body parts for the overall population and for specific gender where age 
groups are taken into account. 
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4. Conclusion and Discussion 
Referring to the results obtained by the 
analysis, the diversity of factors that affect the 
possibility of an incident leading to injury in a 
child can be acknowledged. Besides 
establishing factors themselves, identifying the 
possibility of using data on a number of 
hospitalized children, demographic and medical 
data to calculate the risk of injury was of the 
utmost importance of the study. However, in 
addition to the widely used general index of a 
number of fractures per 100 000 people there is 
the possibility to determine what   the risk of 
breaking a particular part of the body is as well 
as the possibility of designation for which part, 
right or left, the risk is higher. Moreover,   
versatility and ability to include any number of 
sub-factor values is an important feature. What 
is more, the use of mathematical formula  after 
switching multivariate variables allows for very 
accurate determination of the risk. An 
interesting application of this formula is the 
ability to provide spatial coefficients provided 
that there is the possibility of complete data 
disposition for administrative units. This will 
allow for the designation of sites and 
populations with special intensity of the 
analyzed phenomenon and, in further 
consequence, for the possible prediction of the 
need of outpatient surgical care distribution. 
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